Background Chronic stress affects many Americans. Stress management programs may be prohibitively expensive or have limited access. Purpose This study aims to determine feasibility of an 8-week Internet-based stress management program (ISM) based on mindfulness principles in reducing stress in a 12-week, parallel, randomized, controlled trial.
attention and awareness on the present moment and developing a nonjudgmental, conscious awareness of the moment-to-moment experience of one's environment, thoughts, feelings, and actions [9] [10] [11] . One of the betterknown mindfulness interventions is Jon Kabat-Zinn's 8-week Mindfulness-Based Stress Reduction meditation workshop [12] , demonstrating positive effects in patients with various chronic diseases [13] [14] [15] [16] [17] . However, the Mindfulness-Based Stress Reduction and similar programs require a skilled facilitator, have limited geographic availability, and may be cost prohibitive.
Internet-based stress management (ISM) programs may provide easy access, minimize stress-related diseases, and improve individuals' resilience. Internet-based psychotherapeutic interventions using cognitive behavioral therapy or psychoeducation have demonstrated similar average effect sizes as traditional face-to-face therapy for a number of conditions including stress, anxiety, and depression [18] . Although mindfulness interventions have been successfully delivered online or remotely, they have been mainly geared toward conditions other than stress, such as depression [19, 20] , irritable bowel syndrome [21] , and pain [22] . The only two studies (to our knowledge) that have evaluated the effectiveness of virtual mindfulness-based programs for stress management have identified shortcomings, including the resource and practical limitations of videoconference delivery [23] and inconclusive results due to inherent study limitations including small sample size [24] .
To facilitate broad access, an 8-week ISM program based on mindfulness principles was developed. In our conceptual framework, increased mindfulness, self acceptance of who you are and your past life, and self-transcendence work to reduce levels of stress that in turn improve vitality and quality of life. Prior to large-scale dissemination, a feasibility study was conducted to assess effectiveness of the program. The primary objective was to evaluate whether the ISM program effectively decreased stress and improved mindfulness, self-acceptance, self-transcendence, and vitality as measured by validated outcomes questionnaires. The secondary objectives were to assess: whether psychoemotional improvement was accompanied by quality-oflife improvements, whether an online message board would be beneficial, and the relationship between program engagement and outcomes.
Methods

Internet-Based Stress Management Program
The online ISM program was designed to be self-directed and to be accessible and engaging to a wide audience by keeping practices and lessons short. At its core is the development of mindfulness, bringing attention to the present moment with an attitude of nonjudgmental acceptance of one's experience [9] . The program introduces participants to a new meditation theme each week as described in Fig. 1 . The themes and related guided meditation have been to great extent inspired from mindfulness traditions or other mindfulness programs [9] and were chosen to develop mindfulness skills or attitudes and traits that support mindfulness and well-being. The use of the breath as a reminder for present moment awareness is emphasized in all meditations. The program is delivered in four components (Fig. 1). (1) Weekly introductions to the concepts and meditation theme are delivered via Web page views or a 5-to 10-min audio clip. (2) Weekly guided meditations (20-25 min each) are available as embedded or downloadable mp3 format which participants are invited to practice five times each week and to record those practices. (3) Daily articles provide the scientific underpinnings and merits of each week's theme or discuss various cognitive and behavioral strategies, activities, and concepts supporting or related to mindfulness. (4) Daily tips suggesting how to manage stress or incorporate mindfulness in daily activities and include motivational quotes. The program can be accessed via direct login to the Website or via a hyperlink sent in a twice-weekly e-mail introducing the theme and meditation of the week.
Study Population
Participants were recruited via flyers or posters in the clinics, by direct referrals from healthcare providers, or via e-newsletters, Websites, and daily e-mail tips sent to program subscribers. English-speaking participants 18 years or older who agreed to participate in the 8-week ISM and the 4-week follow-up were included. Participants with no regular Internet access were excluded, and for referrals, physicians were instructed to exclude patients with psychosis. The study was approved by an Institutional Review Board which waived formal signed consent. The study was registered at ClinicalTrials.gov (NCT01595555). Interested participants were e-mailed a description of the study and a registration link. All participants received a $15 coupon redeemable at the online wellness store of the host Website after each completed questionnaire. The control group received the ISM program for free after completing the study.
Study Design
The 12-week, randomized, parallel, controlled trial was administered entirely online at the program Website. Participants provided their name and e-mail address and were automatically randomized (using a computergenerated list with a block size of three) into one of three groups (1:1:1 ratio): ISM, ISM plus online message board (ISM+), or control (Fig. 1) . All participants were asked to complete online questionnaires at 0 (baseline), 8, and 12 weeks and to fill out weekly activity logs for weeks 1-8. ISM and message board login activity was also monitored. Participants in the ISM and ISM+ groups were given instructions on how to access the ISM program. The ISM+ group was asked to participate in an online message board hosted by iVillage.com. The message board leader posted pre-specified discussion threads to generate interest and facilitated discussion while instructed not to give any advice.
Participants received an e-mail reminder if questionnaires were not completed within 1 week. Failure to complete the weeks 8 and 12 questionnaires within 2 weeks or the weekly log within 1 week resulted in missing data for that time point. At the end of the study, participants were asked to complete a questionnaire about reasons for early study or program termination and overall feedback about the ISM and message board.
Six valid and reliable patient-reported outcome measures were administered. Primary outcome measures were: the Perceived Stress Scale (PSS) [25] uses ten items to measure a person's perception of and response to daily hassles and stress, resulting in a 0 (best) to 40 total score; the Mindfulness Attention Awareness Scale [26] uses 15 items to measure the frequency of mindful states over time and its mindfulness score of 1 to 6 (highest) predicts well-being and stress reduction; Adult Self-Transcendence Inventory [27] assesses individuals' ability to separate themselves from external definitions of "self" and to dissolve rigid boundaries between "self" and others, yielding a score of 10 to 40 (highest); Psychological Well-being-Self-Acceptance Sub scale [28] uses 14 items to assess a person's acceptance of who they are now and who they were in the past, yielding a 14 (best) to 84 score; and the Subjective Vitality Scale [29] using seven items to measure the extent to which a person is alert, full of energy, and vital on a 7 to 49 (best) scale. The sample size estimate used data from previous studies to estimate the detectable difference and standard deviation of each of the six questionnaires (e.g., the PSS has detectable difference of 5 and standard deviation of 6) [32] . We determined 102 patients per group would provide 80 % power to detect between-group differences (using a two-side alpha level of 0.05). Primary analyses used linear mixed-effects models to test outcome changes while accounting for individuals' repeated measures; all three groups were analyzed simultaneously. The effect of each intervention (ISM and ISM+) compared with the control group at weeks 8 and 12 was estimated (controlling for age, gender, race, education, and income) for participants who responded to baseline and either weeks 8 or 12 questionnaires (i.e., available data).
Pairwise comparisons with a Student's t test were used for other analyses. Subgroup analyses evaluated the effect of program activity on outcomes. First, analyses computed magnitude of outcome changes for ISM and ISM+ participants who remained engaged by showing some online activity beyond week 5. Second, Pearson correlation coefficients were used to measure association between meditation frequency (i.e., weekly meditation practices measured using activity logs and averaged over 8 weeks) and mean change in outcome during the 8 weeks. Linear model estimates of the magnitude of outcome change per unit increase of meditation frequency during the 8-week program were performed. Analyses were conducted using SAS software, version 9.2 (SAS Institute). Since multiple endpoints were tested individually (rather than a single significant finding among a family of outcomes used to draw study conclusions), there were no corrections for multiple comparisons [33] .
Results
Since high dropout rates are expected for online studies [19, 34, 35] , we enrolled approximately 700 people to obtain the target sample size; a few participants enrolled twice. Figure 2 shows that 1,204 people received the study description, and 684 (57 %) people enrolled in the study between September 2010 and August 2011. The study ended in November 2011. Of those enrolled, 133 (19 %) were lost prior to providing baseline data. Of the remaining (81 %) who enrolled and completed the baseline questionnaire (n=551), more than half (57 %) also completed one or both follow-up questionnaires (n=312). The 8-and 12-week completion rates differed across treatment groups: 41 and 33 % for ISM, 44 and 38 % for ISM+, and 67 and 65 % for the control group at weeks 8 and 12, respectively. No significant within-group differences in baseline characteristics were observed between those who completed questionnaires and those with missing follow-up data.
As Table 1 shows, most participants were aged 40-59 (59.1 %) and were female (88.9 %) and Caucasian (88.8 %). Most participants had some college education (52.3 %) or post-graduate degree (36.8 %), and most reported an annual income of $40,000-100,000 (51.7 %). The majority (76.6 %) reported previous meditation experience a few times per year or less, and most (50.4 %) were recruited through healthcare referrals or posters. Statistically significant differences between treatment groups were observed at baseline for race and income variables. Table 2 indicates that the ISM and ISM+ groups demonstrated a statistically significant difference from control in changes from baseline scores on the PSS, Mindfulness Attention Awareness Scale, Adult Self-Transcendence Inventory, and Psychological Well-being-Self-Acceptance Subscale-indicating that the ISM program was effective in reducing perceived stress and improving mindfulness, transcendence, and self-acceptance compared with the control group at week 8. These improvements were sustained through week 12 and were also reflected in improved mental health as measured by the SF-36 Mental Component Score. The ISM+ versus control comparison for the Subjective Vitality Scale was statistically significant at both time points, whereas the comparisons for the ISM versus control were significant at week 12. Since the linear mixed-effects model results yielded very similar conclusions to the pairwise comparisons, additional analyses were conducted using the simpler pairwise approach. There were no statistically significant differences observed between the ISM and ISM+ groups ( Table 2) .
Expected outcomes for those willing to complete most of the program are shown in Table 3 . Participants active for 6-8 weeks displayed statistically significant improvements in the PSS, Mindfulness Attention Awareness Scale, Adult SelfTranscendence Inventory, Psychological Well-being-SelfAcceptance Subscale, Subjective Vitality Scale, and SF-36 Mental Component Score at week 8. Numerically, the change scores were larger for the more active participants compared with all participants. For example, relative to control, the more active participants demonstrated a substantial stress (PSS) score improvement of 4.04 (difference between −3.52 and −7.56 in Table 3 ), compared with 1.73 (ISM) or 3.21 (ISM+) for all participants ( Table 2) .
The relation between change in outcomes and amount of meditation practice was explored in a sub-analysis. For the 115 participants completing four or more weekly activity logs, meditation practice averaged 4.07±1.59 times/week; the ISM group practiced meditation techniques significantly more often (4.55±1.38) than the ISM+ group (3.68±1.68; p=0.003). As Table 3 shows, there was a weak yet statistically significant correlation between the mean number of meditation practices per week and stress (PSS, r=−0.20), mindfulness (Mindfulness Attention Awareness Scale, r=0.26), and transcendence (Adult Self-Transcendence Inventory, r=0.19) scores. Estimates of the effect on outcome scores per increased meditation practice per week yielded a change of −1.53 for the PSS, 0.15 for the Mindfulness Attention Awareness Scale, and 1.00 for the Adult Self-Transcendence Inventory, assuming the incremental effects are constant. This indicates, for example, that a person who practices meditation techniques an average of 5 times/week will experience a 6.12 decrease (1.53 times 4) in PSS score versus practicing once per week.
Feedback about the ISM program and message board was provided by 78 ISM and 68 ISM+ participants who practiced the relaxation exercise at least once. Of those respondents, 45 % found the overall program to be very or extremely helpful, 35 % somewhat helpful and 19 % little or not at all helpful. When asked about how helpful and beneficial specific components were, 53 % found the meditation techniques, 43 % the weekly audio lesson and 48 % the articles to be very or extremely helpful. Reasons most mentioned for "lack of benefit" were: not finding the time to practice or finding the program too demanding, ineffective or mode of delivery inconvenient. In contrast, of the 52 ISM+ participants who had responded to the feedback questionnaire and accessed the message board at least once, 85 % found the message board to be of little or no help. The main reasons given were lack of time or interest in message board participation, difficulty with accessing the Website, and lack of overall activity on the board.
Discussion
Stress is a major public health issue, and calls have been made for better access to stress management programs to prevent and manage chronic diseases [36] . To our knowledge, this is the first randomized, controlled study that demonstrates feasibility of a completely automated, online, mindfulness-based stress management program designed for broad public access. This study demonstrates that ISM participants experienced significant reductions in stress. Four of the five primary patient-reported outcome comparisons demonstrated statistically significant differences from baseline scores for each of the ISM and ISM+ groups compared with control at week 8; these results were sustained through at least week 12, demonstrating that ISM program participation yielded improvements in perceived stress, mindfulness, transcendence, and self-acceptance. Vitality results were more variable.
These results appear to be clinically meaningful when using two common clinically important difference (CID) criteria: change of ≥10 % of the score range [37] and ≥0.5 baseline standard deviations [38] . In contrast to the control group, both the ISM and the ISM+ group achieved a clinically important change for the PSS, Mindfulness Attention Awareness, Adult Self-Transcendence Inventory, the SF-36 Mental Component Score, and the SF-36 mental health measures at each time point on both criteria. Furthermore, baseline stress measured by the PSS was 23.05±6.61 points, much higher than the US norm (13.7±6.6 for females; 12.1± 5.9 for males) [32] . ISM participation brought the stress levels to a more normal range of 15 or 16 points, on average. This reduction in mean score is similar to observed changes with more intensive mindfulness programs [23, 39] and may have clinical relevance. Similar findings were observed for mindfulness: the Mindfulness Attention Awareness Scale increased by approximately 0.6 or 0.7 points, which is similar to other studies suggesting an increase following the intervention [40, 41] .
Despite a reduction in active participation in the online program, sustained outcome improvements persisted until week 12, 4 weeks after the intervention, consistent with other studies showing long lasting effects of mindfulness programs [21, 42] . Overall, the magnitude of improvement in outcome measures of the online ISM program was comparable to traditional face to face mindfulness programs [23, [39] [40] [41] . Benefits of the program were even greater for those who remained engaged for 6-8 weeks (Table 3) . Future studies should evaluate whether increase in mindfulness is the direct result of the mindfulness concepts, skills learned, and/or the natural consequences of improved stress level and well-being.
Interventions designed to reduce stress have demonstrated health benefits [43, 44] . Although individual health status was not measured, the SF-36 Mental Component Score baseline value (37.0±12.5) shows that our self-diagnosed "stress" study population's mental health was well below the US average [45] . Statistically significant improvements from baseline Mental Component Score scores were observed for both treatment groups compared with the control group at weeks 8 and 12. These data imply mental health improvements; the magnitude of these changes was substantial (4 or 5 points; Table 2 ) and similar to other stress management programs [22, 40, 43, 44, 46] . Online message board was an important experimental feature. Some evidence from our study suggested that this component improved some participants' therapeutic experience. These results and feedback from participants suggest that greater benefits may be achieved with more expansive and integrated social media component.
Approximately one third (35 %) of all ISM and ISM+ enrollees showed online program activity for 6-8 weeks, and 42 % completed the questionnaires at 8 weeks. Program and study retention may be lower than most small-samplesize studies of Web-based programs for psychological disorders, which range from 17 to 98 % with an average of about 70 % [34] ; the rates are comparable to larger effectiveness studies [19, 35] and may be more reflective of realworld settings. Main reasons for the high attrition were technical or access problems and being too busy (Fig. 1 ).
An easy online study enrollment process may have led to recruiting participants with no time or real motivation to do the program and may explain the differential dropout between the intervention groups and the control group. An ISM program that can reduce stress in one-third or more of participants suffering from stress would be a substantial contribution. Since the program does not require on-site instructional support, healthcare costs might be further reduced by delivering such programs online for $50 or less per person [47] (compared with facilitator-led workshops, which are in the $400-600 range/person) [48] . Thus, online therapeutic interventions have the potential to reach underserved populations in a cost-effective manner.
As with other studies, the control group reported improvements [23, 40] perhaps due to regression to the mean. Since the participants were self-selected as experiencing stress and seeking out programs, such as ISM, it is not surprising that their stress level decreased whether they received treatment or not. Comparing results to a control group, rather than focusing on within-group changes, minimized the possibility that the observed benefits were due to a transient stress event or positive effects by virtue of clinical trial participation. To further evaluate the role of mindfulness as the principal driver for the observed benefit, future study designs could include an online, attentionmatched, educational or active control group. To maximize generalizability, this feasibility study had broad inclusion criteria and was not limited to specific chronic diseases or conditions. However, this study population being primarily female, white, well educated, and Internet savvy may limit the generalizability of our results. Due to the logistic and resource challenges in collecting disease-specific or stress-related biomarker in an online study, outcomes were self-reported using validated measures. Several technical issues arose. For example, some participants' failure to receive e-mail notifications may have reduced enrollment and completion rates. Some users experienced problems installing a plug-in software and were unable to complete study questionnaires after enrolling. Other participants (n=31) did not start the program right after completing their baseline questionnaire, as instructed. Since these technical issues affected few participants, they are unlikely to have affected the results.
Further research is needed to evaluate the efficacy of the ISM program, such as: a longer follow-up period, the ideal program length, use of a treatment alternative control group, patient ratings of treatment and reasons for dropping out of the study, and/or measures of treatment fidelity. A study design that would enable an intent to treat population analysis and include analyses to determine the impact of baseline stress, level of medication and concurrent treatment, and prior meditation experience on outcomes should be evaluated. Considerations should be given to clinical outcome measures using physiological indices of stress, a more specific measure of different kinds of stress and the selection of the study population to focus on heterogeneous as well as disease-specific populations. Also, it will be important to determine whether the attrition rates observed pose a major threat to the internal validity or whether they impact the sustainability of the intervention. Additional efforts may be needed to reduce the dropout rate, such as: more frequent reminders, solving technical issues and selecting participants who can dedicate the time and effort to participate in the intervention and study. Ideas for program improvement should also be considered, such as a shorter program length, improved content, use of mobile apps, or integrating the message board with social networking platforms.
Conclusions
This study demonstrated an 8-week ISM program could feasibly and effectively reduce stress. Benefits were sustained through week 12 for a well-educated, mostly female and computer savvy self-selected population. Although the participant completion rate was low, the magnitude of improvement was significant for those who completed the online program. This study provides support for online stress management programs that are publicly accessible and not cost prohibitive.
